Abstract: Pregnant mice of the BALB/c CrSlc strain were experimentally infected with the D variant of encephalomyocarditis virus (EMC-D, 5 × 10 2 PFU/head) on three different gestational days (GD). Mice were intraperitoneally inoculated with EMC-D on 11, 13 and 15 GD and sacrificed 3 days post inoculation. There was no significant difference in the fetal mortality among all inoculation groups. Placenta showed higher virus titer than fetus and dam's serum in all inoculation groups, and the virus titer of the fetus was lowest in the 15GD group. Histopathological changes and signals of viral RNAs detected by in situ hybridization were observed almost restricted to the spongiotrophoblast layer of the placenta in all inoculation groups, and the signals were strongest in the 11GD group. In the fetus of the11GD group, signals of viral RNAs were also seen in myocardium and hepatocytes. Ultrastructurally, intracytoplasmic aggregations of virus-like particles in crystalline array were observed in trophoblast cells and giant cells in the spongiotrophoblast layer in all inoculation groups.
studies focused on diabetes have been done in mice using EMC-D [9] [10] [11] [12] [13] [14] [15] [16] . EMC-D has been used by our research group as a useful tool for the induction of virus-induced orchitis [17] [18] [19] [20] [21] , myocarditis [10, 14, 16, 22, 23] , and biphasic disease of the central nervous system [24, 25] . However, there are no reports concerning EMC virus infection in pregnant laboratory rodents including mice.
The purpose of this study was to clarify the mode of EMC virus infection in pregnant mice. All procedures of the present study were performed in accordance with the protocol approved by the Animal Care and Use Committee of the Graduate School of Agricultural and Life Sciences, The University of Tokyo.
Thirty pregnant mice of the BALB/c Cr Slc strain (Japan SLC Inc., Shizuoka) were used. The mice were housed in an animal room at a temperature of 23 ± 2°C with a relative humidity of 55 ± 5% using an isolator caging system (Niki Shoji Co., Tokyo) and fed MF pellets (Oriental Yeast Co. Ltd., Tokyo) and water ad libitum.
Seven pregnant mice were inoculated i.p. with 5 × 10 2 plaque forming units (PFU) /head of EMC-D (gifts from Dr. J.W. Yoon, the University of Calgary, Alberta, Canada) on gestational days (GD) 11, 13 and 15. They were sacrificed by exsanguination under ether anesthesia 3 days post inoculation (DPI). In addition, 3 pregnant mice were inoculated with 0.1 ml of PBS on 11, 13 and 15GD. They were sacrificed 3 DPI, and served as controls. Virus titration by plaque assay on L-929 cell cultures was done on the fetuses, placentas and dams' sera according to the method of Matsuzaki et al. [26] .
At autopsy, the placenta, fetus, and uterus, and dam's pancreas, heart and brain, which are the main target organs of EMC virus [11] , were fixed in 10% neutral buffered formalin, and 4-µm paraffin sections were stained with hematoxylin and eosin (H&E).
In situ hybridization (ISH) was done on the placenta, fetus, and uterus. A digoxigenin-labeled anti-sense RNA probe first prepared by Takeda et al. [25] , which has been shown to be complementary to the gene encoded VP-1 region of EMC-D [27, 28] , was used. The specificity of this probe for EMC-D has been confirmed by Northern blotting analysis [25] . ISH was performed according to the method of Ueno et al. [20] .
Small pieces of the placenta and fetus obtained from each dam were fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer (PB), post-fixed in 1.0% osmium tetroxide in the same buffer and embedded in Epon 812. Ultrathin sections were double stained with uranyl acetate and lead citrate and observed under a JEM-1200EX electron microscope (JEOL, Tokyo, Japan). In addition, semi-thin sections were stained with toluidine blue (TB) and subjected to histopathological examination.
No deaths occurred among the dams. The mortalities of fetuses of the 11, 13 and 15 GD groups were 16.5 ± 4.0, 12.8 ± 3.5 and 16.6 ± 7.1%, respectively (Table 1) . On the other hand, no deaths occurred among control fetuses.
As shown in Fig. 1 , the virus titer was highest in the placenta and lowest in the fetus, irrespective of the days of gestation. In addition, the virus titer of the fetus was lowest in the 15 GD group.
Histopathological changes in the placenta were almost restricted to the spongiotrophoblast layer, and the decidual and labyrinth layers were almost free from lesions in all inoculation groups. Namely, karyorrhexis or pyknosis of trophoblast cells and trophoblast giant cells was observed in all placentas examined (Fig. 2a) . In the fetus, small focal myocardial degeneration was detected beneath the epicardium and/or endocardium in the 11 GD group (Fig. 2b) , but other fetal tissues were normal. There were no significant changes in the fe- Data are represented as mean ± standard deviation (SD). *Data of the 11 GD group are shown, since there were no significant differences among the 3 control groups. tuses of the 13 and 15 GD groups. The histopathological nature and degree of the lesions observed in the target organs of dams were similar among all inoculation groups and were consistent with those previously reported [10, 13] . On the other hand, histopathological changes were not found in the uterus. There were no histopathological changes in controls.
Signals of viral RNAs were observed in the cytoplasm of trophoblast cells and giant cells in the spongiotrophoblast layer of the placenta in all inoculation groups, but few signals were detected in the labyrinth and decidual layers. Signals were strongest in the 11 GD group (Fig. 3a) . In some fetuses of the 11 GD group, signals of viral RNAs were detected in cardiac muscles beneath the epicardium and/or endocardium (Fig. 3b) and in a small number of hepatocytes. However, signals of viral RNAs were not found in the fetuses of the 13 and 15 GD groups. No viral RNAs were found in the uterus at any time point. Although data are not shown, faint signals were sometimes observed by sense RNA probes in the sites showing strong positive signals by the anti-sense RNA probe. This phenomenon is well known in the case of the EMC virus, a single stranded RNA virus.
Ultrastructural changes were found in the restricted portion of the placenta, i.e. spongiotrophoblast layer, in all inoculation groups. Margination and/or condensation of nuclear chromatin, dilatation of nuclear envelope, and swelling of mitochondria and rough endoplasmic reticula were observed in trophoblast cells and giant cells (Fig. 4) . Similar but less severe changes developed in a small number of cardiomyocytes only in the 11 GD group. In addition, large aggregates composed of electron-dense virus-like particles or of both electron-dense and empty virus-like particles were observed in the crystalline array in the cytoplasm of trophoblast cells and giant cells in the spongiotrophoblast layer (Fig.  4, Inset) . The virus-like particles were typical in size (20-30 nm in diameter) and structure of picornaviruses and were consistent with the EMC virus. Abzug [29] classified gestation days of mice into 3 phases: early gestation (6-7 GD), middle gestation (9-10 GD), and late gestation (12-13 GD). Abzug et al. [30, 31] examined the mode of Theiler's murine encephalitis virus (TMEV), a picornavirus, infection in pregnant mice. From the results of ISH and electron microscopy, TMEV infected the majority of placenta and fetuses following early gestation inoculation, and most placentas, except for the labyrinth layer, but almost no fetuses after middle or late gestation inoculation. Abzug [29] showed that giant cells were the earliest predominant targets of TMEV infection following early gestational inoculation and they appeared to be in integral part of the pathogenesis of gestational murine virus infection. Thus, the murine placenta permitted transmission of TMEV to the embryo in early gestation, but blocked transmission to the fetus in middle and late gestation [29] [30] [31] .
According to the above-mentioned classification by Abzug [29] , the present experiment was performed in middle to late gestation. However, fetuses were still infected by EMC virus judging from the results of virus titration and ISH. In the placenta, as mentioned above, signals of viral RNAs were detected predominantly in the spongiotrophoblast layer including trophoblast cells and giant cells, but the labyrinth and decidual layers were almost free from infection. In TMEV infection in early pregnancy, fetuses contained virus in heart, pericardium, great vessels, lung, pleura, brain, and liver. On the other hand, as described above, signals of viral RNAs were only observed in the focal areas of myocardium and a few hepatocytes in the 11 GD group in the present study. In addition, infiltration of mononuclear cells was observed in lesions in the placenta in TMEV infection [29] , but no inflammatory responses were detected in placental lesions in the present study.
In conclusion, pregnant mice inoculated with EMC virus on GD 11, 13 or 15 GD, the virus replicated predominantly in the spongiotrophoblast layer of the placenta in all inoculation groups and in fetal myocardium in the 11 GD group, and the virus titer was higher in the placenta than the fetus. Among the three different gestational days examined in the present study, the 11 GD group was considered to be the most sensitive to EMC virus infection from multiple view points. In addition, placental damage as well as direct effect of virus to fetuses may be a cause of fetal death.
